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INTRODUCTION 

An  investigation  of  the  density  and  thermal  expansion  of  linseed 
oil   and  turpentine  was   undertaken  in  response  to   a   demand 

from  those  engaged  in   the    manufacture,  distribution,  and  use 
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of  these  substances,  for  more  complete  knowledge  of  their 
physical  constants  as  an  aid  in  setting  up  standards  of  purity. 
There  appears  also  to  be  a  considerable  demand  for  tables  show- 
ing the  change  of  density  of  these  materials  with  change  of  tem- 
perature, and  for  conversion  tables  for  changing  from  pounds  to 
gallons  and  from  gallons  to  pounds.  The  need  for  such  con- 
version tables  arises  from  the  fact  that  both  linseed  oil  and  turpen- 
tine are  often  bought  by  weight  and  sold  by  measure  and  vice 
versa.  Tables  based  upon  the  results  of  this  investigation  have 
been  prepared  and  are  published  at  the  end  of  this  paper. 

MATERIAL  USED 

The  samples  of  linseed  oils  used  in  this  investigation  were 
secured  from  the  American  Society  for  Testing  Materials,  through 
the  courtesy  of  Mr.  S.  S.  Voorhees,  a  member  of  the  special  com- 
mittee appointed  by  that  society  to  carry  out  an  investigation 
of  commercial  linseed  oils.  The  origin  and  history  of  the  samples 
used  was  as  follows : 

Samples  Nos.  1  to  4,  inclusive,  were  from  the  same  lots  of  oil 
as  that  reported  on  at  the  1909  meeting  of  the  American  Society 
for  Testing  Materials.  In  addition  to  the  bottles  filled  at  the 
time  the  samples  were  taken  (February,  1909),  two  5 -gallon  cans 
of  each  sample  were  filled  and  sealed  for  future  examination,  to 
determine  the  effect  of  aging.  The  cans  were  nearly  full  and  were 
hermetically  sealed.  One  of  these  cans  for  each  sample  was  opened 
February  23,  191 1,  and  the  oil  thoroughly  mixed  and  bottled. 

Sample  No.  5  was  obtained  from  a  5 -gallon  can  taken  on  June 
15,  1 9 10,  at  the  American  Linseed  Co.'s  South  Chicago  mill.  Can 
opened  and  bottled  March  1 ,  1 9 1 1 ;  oil  made  from  North  American 
seed. 

Sample  No.  6  was  obtained  July  21,  19 10,  at  Archer- Daniels 
Linseed  Co.'s  Minneapolis  mill.  Oil  bottled  March  1,  191 1;  oil 
made  from  North  American  seed. 

Samples  Nos.  7  to  16,  inclusive,  were  taken  with  the  idea  of 
observing  the  variation  in  the  constants  of  pure  raw  linseed  oil, 
as  affected  by  the  origin  and  age  of  the  seed  from  which  they  were 
made.     The  samples  were  received  in  sealed  cans  by  the  com- 
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mittee  and  were  opened  and  bottled  February  18,  191 1.  All 
samples  except  No.  16  were  from  North  American  seed. 

Sample  No.  7  was  taken  at  Archer- Daniels  Linseed  Co.'s  Minne- 
apolis mill  about  September  30,  19 10. 

Sample  No.  8  was  taken  at  Archer- Daniels  Linseed  Co.'s  Minne- 
apolis mill  October  27,  19 10. 

Sample  No.  9  was  taken  at  Archer-Daniels  Linseed  Co.'s  Minne- 
apolis mill  about  November  30,  19 10. 

Sample  No.  10  was  taken  at  Archer-Daniels  Linseed  Co.'s  mill 
about  December  31,  19 10. 

Sample  No.  11  was  taken  at  Hirst  &  Begley's  Chicago  mill, 
September  30,  19 10,  largely  from  Southwestern  seed. 

Sample  No.  12  was  taken  at  Hirst  &  Begley's  Chicago  mill 
October  31,  19 10,  from  Northwestern  seed. 

Sample  No.  13  was  taken  at  Hirst  &  Begley's  Chicago  mill 
November  29,  19 10,  from  Southwestern  seed. 

Sample  No.  14  was  taken  at  Hirst  &  Begley's  Chicago  mill 
December  29,  1910,  from  Northwestern  seed. 

Sample  No.  15  was  taken  at  Hirst  &  Begley's  Chicago  mill 
January  31,  191 1,  from  Northwestern  seed. 

Sample  No.  16  was  taken  at  the  National  Lead  Co.'s  Atlantic 
mill  February  24,  191 1,  from  Argentine  seed. 

The  samples  of  turpentine  used  in  this  investigation,  while  fewer 
in  number  than  the  samples  of  linseed  oil,  may,  it  is  believed,  be 
considered  fairly  representative  of  the  articles  of  commerce  known 
as  "spirits  of  turpentine,"  "turpentine,"  and,  in  the  paint  trade, 
as  "turps."  The  origin  of  the  various  samples,  as  far  as  known, 
is  as  follows : 

Sample  No.  1  was  purchased  under  Government  contract  as 
"turpentine." 

Samples  Nos.  2  and  3  were  purchased  in  the  retail  trade  of 
Washington,  D.  C,  as  "turpentine." 

Samples  Nos.  7  and  8  were  furnished  by  the  Geo.  L.  Morton  Co., 
of  Wilmington,  N.  C. — No.  7  as  pure  gum  spirits  from  first  year's 
run  (virgin  dip)  and  No.  8  as  pure  gum  spirits  from  later  run 
(yellow  dip) . 
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Sample  No.  12  was  furnished  by  the  Hendrics  Turpentine  Co., 
of  Tampa,  Fla.,  as  pure  gum  spirits  distilled  from  second  year's 
run  without  use  of  steam. 

In  addition  to  the  above  samples  of  gum  turpentine,  several 
samples  of  wood  turpentine  and  other  products  of  the  distillation 
of  wood  were  secured  and  tested.     The  samples  were  as  follows : 

Sample  No.  4,  furnished  by  the  Waycross  Power  &  Light  Co., 
Waycross,  Ga.,  was  obtained  by  the  distillation  of  waste  wood  by 
the  steam  process. 

Samples  Nos.  9,  10,  and  11,  furnished  by  F.  T.  Sutherland  &  Co., 
of  Jacksonville,  Fla.,  were  obtained  from  the  distillation  of  waste 
wood  by  the  steam  process.  No.  1 1  was  a  part  of  the  last  fraction 
of  the  distillation  in  which  No.  10  was  secured.  No.  11  is  known 
as  "oil"  of  turpentine. 

Samples  Nos.  5  and  6,  furnished  by  the  Spiritine  Chemical  Co., 
of  Wilmington,  N.  C,  were  obtained  by  destructive  distillation  of 
waste  wood. 

All  of  the  above  samples,  except  Nos.  1,2,  and  3,  were  secured 
direct  from  the  producers,  most  of  them  being  delivered  at  the 
place  of  production  to  Mr.  M.  H.  Stillman  of  this  Bureau. 

The  16  samples  of  linseed  oil  reported  on  in  this  paper,  being 
taken  as  they  were  at  various  times  under  ordinary  working  con- 
ditions at  several  of  the  more  important  mills  of  this  country, 
are,  it  is  believed,  thoroughly  representative  of  the  oil  obtained 
from  North  American  seed.  The  one  sample  examined  from  im- 
ported seed  was  not  found  to  differ  essentially  from  those  obtained 
from  North  American  seed.  It  is  hoped  that  at  some  future  time 
the  work  may  be  extended  to  embrace  oil  made  from  seed  imported 
from  all  other  important  seed-producing  countries. 

The  number  of  samples  of  turpentine  reported  on  in  this  paper 
is  undoubtedly  too  small  to  base  general  conclusions  upon,  but  at 
the  same  time  it  is  sufficient  to  indicate  some  of  the  more  important 
facts.  It  is  hoped  that  the  work  on  turpentine  also  may  be  con- 
tinued with  a  greater  number  of  samples  of  known  origin  and 
purity. 
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DESCRIPTION   OF  EXPERIMENTAL  WORK 

METHOD  OF  DETERMINATION   OF   DENSITY 

After  obtaining  the  various  samples  of  linseed  oil  and  turpentine 
the  density  of  each  sample  was  determined  at  io°,  200,  300,  and 
400  C  by  the  method  of  hydrostatic  weighing;  that  is,  by  weighing 
in  the  sample  a  sinker  of  known  mass  and  volume. 

The  apparatus  used  in  making  the  density  determinations  was 
devised  by  Mr.  N.  S.  Osborne,  formerly  of  this  bureau,  and  used 
by  him  in  his  work  on  the  density  and  thermal  expansion  of  ethyl 
alcohol.  A  complete  description  of  the  apparatus  may  be  found 
in  the  publication  of  that  work. 

DESCRIPTION  OF  APPARATUS 

The  arrangement  of  apparatus  is  as  follows: 

The  sample  under  investigation,  and  the  sinker,  are  placed  in  a 
tube  having  a  length  of  about  50  cm  and  a  diameter  of  2  cm,  and 
surrounded  by  a  temperature  bath  kept  in  constant  circulation  by 
a  small  propeller.  This  inner  bath  is  surrounded  by  a  second  bath, 
which  is  also  kept  in  constant  circulation  and  whose  temperature 
can  be  maintained  constant  or  varied  at  will  over  a  range  of  io°  to 
400  C,  the  temperature  regulation  being  accomplished  by  an  elec- 
tric heating  coil  and  a  copper  coil  through  which  refrigerating  brine 
may  be  passed.  These  coils,  together  with  a  thermostat,  may  be 
so  adjusted  that  any  desired  temperature  between  io°  and  400  C 
is  automatically  maintained. 

The  outside  containing  vessel  for  the  various  tubes  and  baths  is 
a  large,  unsilvered  Dewar  cylinder,  provided  with  a  brass  cap  suit- 
able for  supporting  the  inner  parts  of  the  apparatus.  The  cylinder 
is  mounted  in  a  vertical  position  and  covered  with  a  layer  of 
nickeled  paper  through  which  windows  are  cut  to  permit  observa- 
tions to  be  made. 

The  temperature  is  read  on  two  mercurial  thermometers  sus- 
pended in  water  in  a  tube  placed  symmetrically  with  that  contain- 
ing the  sample  whose  density  is  to  be  measured.  The  thermome- 
ters are  so  mounted  on  a  movable  cap  that  by  its  rotation  they 
may  be  successively  brought  into  position  for  reading.  They  are 
362480 — 12 2 
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read  by  the  aid  of  a  long-focus  microscope  so  mounted  as  to  be 
movable  vertically.  The  object  of  placing  the  thermometers  in  a 
tube  instead  of  directly  in  contact  with  the  water  of  the  inner  cir- 
culating bath  is  to  eliminate,  as  far  as  possible,  errors  due  to  tem- 
perature lag  within  the  densimeter  tube.  Since  the  sample  under 
test  is  separated  from  the  circulating  bath  by  the  densimeter  tube 
the  thermometers  should  be  separated  from  it  by  a  similar  tube  in 
order  that  when  a  constant  temperature  is  indicated  by  them  the 
same  constant  temperature  shall  obtain  within  the  densimeter 
tube. 

The  thermometers  were  used  repeated ly  over  the  same  tempera- 
ture range,  and  from  previous  experience  with  the  same  thermome- 
ters over  the  same  range  it  was  thought  unnecessary  to  take  ice- 
point  readings  after  each  reading  of  the  thermometers.  Ice-point 
readings  were,  however,  taken  occasionally  throughout  the  work 
and  these,  together  with  an  extended  series  obtained  earlier  in  the 
year,  were  found  to  be  sufficiently  concordant  to  warrant  their  use 
in  fixing  the  corrections  to  be  applied  at  the  various  temperatures. 

THERMOMETERS 

The  thermometers  used  were:  B.  S.  No.  4653,  made  by  Tonnelot 
in  1888  of  Verre  dur  glass;  B.  S.  No.  2040,  by  Haak  in  1906,  of  Jena 
i6m  glass;  B.  S.  No.  264,  by  Richter  in  1902,  of  Jena  16111  glass. 
All  thermometers  were  graduated  to  o?  1  C. 

SINKER 

The  sinker  used  was  of  Jena  16111  glass,  ballasted  with  mercury; 
its  volume,  used  in  making  the  density  determinations  was  calcu- 
lated from  its  weight  in  vacuo  and  its  apparent  weight  in  twice 
distilled  water  at  40,  io°,  200,  300,  and  400  C,  using  Chappuis's 
values  for  the  density  of  water.     The  equation 


Vt=Vx  +  *(t-x)+/3(t-x) 


was  assumed  to  represent  sufficiently  well  the  expansion  of  the 
sinker,  and  the  values  of  V2,  a,  and  /3,  obtained  by  making  a 
least  squares  reduction  of  the  observations,  were: 

VX=V24  =47.7174  cc 

a  =0.001  100  1 

/3  =  0.000  000  9734 
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Therefore   Vt  =  47.7174  +  0.001    100    1  (t  -  24)  +  0.000  000  973   4 
(t  —  24) 2  from  which  the  calculated  volumes  are  as  follows: 

Temperature  Volume 

io°  C  47.7022  cc 

20°  C  47.713O  CC 

3o°C  47.7240  cc 

40°C  47.7352  cc 

The  sinker  is  suspended  by  a  hook  from  a  small  secondary 
sinker  attached  to  a  wire  let  down  from  one  pan  of  the  balance. 
The  secondary  sinker  has  a  mass  sufficient  to  keep  the  suspension 
wire  straight  and  in  its  proper  position,  and  is  always  immersed  in 
the  liquid,  whether  the  large  sinker  (of  known  mass  and  volume) 
is  attached  or  not. 

At  the  point  where  the  suspension  wire  passes  through  the  sur- 
face of  the  liquid  it  has  a  diameter  of  0.3  mm  and  is  covered  with  a 
layer  of  unpolished  gold  by  electro  deposition.  In  the  case  of 
liquids  which  imperfectly  wet  the  suspension,  this  roughening  of 
the  surf  ace  is  essential,  but  with  oil  and  turpentine  it  was  probably 
unnecessary. 

BALANCE,  WEIGHTS,  AND  METHOD  OF  WEIGHING 

All  weighings  were  made  by  the  method  of  substitution;  that  is, 
a  constant  mass  was  kept  on  one  pan  of  the  balance  and  the  weigh- 
ings made  on  the  other,  sufficient  weights  being  placed  on  the  pan 
to  secure  equilibrium,  first  with  the  sinker  attached  and  then 
detached.  The  weighings  were  made  on  a  Rueprecht  analytical 
balance  (B.  S.  No.  5156)  having  the  capacity  of  200  grams  and  a 
sensibility  of  0.08  mg  per  division  when  undamped.  When  the 
immersed  sinker  was  attached  the  sensibility  was  greatly  reduced, 
especially  in  the  case  of  linseed  oil  at  the  lower  temperatures,  owing 
to  the  increased  viscosity  of  the  oil.  At  the  higher  temperatures 
weighings  could  be  made  to  a  few  tenths  of  a  milligram,  but  at 
io°  difficulty  was  experienced  in  weighing  closer  than  from  1  to 
2mg. 

Of  the  weights  used,  those  of  less  than  1  g  were  a  special  set  pro- 
vided with  the  balance,  and  were  manipulated  by  keys  on  the  out- 
side of  the  balance  without  opening  the  case.  Those  between  1  g 
and  100  g  were  platinum  plated  brass  weights  (B.  S.  No.  5157). 
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These  weights  are  used  only  for  special  purposes  and  were  recali- 
brated a  few  months  before  the  beginning  of  this  work,  and  the 
maximum  error  of  any  possible  combination  of  weights  was  found 
to  be  so  small  in  comparison  with  accidental  errors  as  to  be 
negligible. 

All  weighings  were  reduced  to  vacuo  by  means  of  a  special  device 
originally  designed  for  use  in  correcting  weighings  of  water  in  the 
test  of  volumetric  apparatus.  This  apparatus  consists  of  a  glass 
bulb  of  such  a  volume  that,  when  suspended  from  one  arm  of  a 
balance  and  counterpoised  against  a  brass  weight  of  equal  mass, 
the  number  of  milligrams  that  must  be  added  to  the  pan  from 
which  the  bulb  is  suspended  to  secure  equilibrium  is  equal  to  the 
air  buoyancy  on  a  liter  of  water  weighed  against  brass  weights. 
This  buoyancy  constant  when  divided  by  881.3  gives  the  air 
density.  (881.3  is  the  difference  in  volume  between  the  brass 
weights  and  the  glass  bulb) . 

METHOD   OF  PROCEDURE 

In  making  the  density  determinations  the  method  of  procedure 
was  as  follows : 

The  water  in  the  outside  circulating  bath  was  brought  to  the 
desired  temperature  and,  before  observations  were  begun,  suffi- 
cient time  was  allowed  to  elapse  for  the  apparatus  to  reach  the 
steady  state.  When  the  thermometers  in  the  inner  tube  indicated 
a  constant  temperature  it  was  assumed  that  the  liquid  in  the 
densimeter  tube  was  at  the  same  constant  temperature  and  obser- 
vations were  begun.  First,  a  weighing  was  made  with  the  sinker 
suspended  in  the  sample,  then  the  temperature  was  observed  on 
each  of  two  thermometers;  next,  a  weighing  was  made  with  the 
sinker  off,  then  a  second  with  the  sinker  on,  and  after  that  a 
second  observation  of  temperature.  The  temperature  was  then 
changed  to  the  next  point  of  the  series  and  here  the  same  order 
was  followed. 

CALCULATION  OF  RESULTS 

After  completing  the  observations  at  the  four  temperatures 
io°,  200,  30,0  and  400  C,  the  density  at  each  temperature  was 
calculated  by  means  of  the  equation 
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Dt=  ^ 

in  which  Dt  =  density1  of  sample  at  the  temperature  t 

W  =  weight  of  sinker  in  vacuo 
w  =  weighing  with  sinker  off 
Wj&w2  =  weighings  with  sinker  on 
p  =  air  density 
8.4  =  assumed  density  of  brass  weights 
Vt  =  volume  of  sinker  at  temperature  t. 
After  calculating  the  density  of  a  sample  at  io°,  200,  300,  and 
400  C,  it  was  assumed  that  the  rate  of  expansion  could  be  repre- 
sented by  the  equation 

Dt  =  Dx  +  or(t-x)  +/5(t  -x)2 

and  a  least  squares  reduction  was  applied  to  the  observed  densities 
in  order  to  find  Dx,  or,  and  /3,  and  the  most  probable  value  of  the 
density  at  each  temperature. 

The  observations  and  reductions  of  an  average  sample  of  linseed 
oil  are  given  on  pages  16  and  17,  and  following  that  a  summary  of 
the  16  samples  of  Unseed  oil  arranged  in  the  increasing  order  of 
their  densities. 

DISCUSSION   OF  RESULTS 

It  will  be  seen  from  the  tabulated  results  that  the  coefficient  of 
expansion  of  linseed  oil,  as  determined  from  the  16  samples  tested, 
varies  over  rather  narrow  limits;  for  example,  at  25 °  C  the  change 
of  density  per  degree  lies  between  0.000  682  and  0.000  687,  the 
mean  of  the  16  samples  being  0.000  684  7.  It  will  be  seen  also 
that  the  rate  of  change  of  density  is,  in  general,  greater  at  the  lower 
than  at  the  higher  temperatures.  Sample  No.  9,  the  only  excep- 
tion, contained  a  very  large  amount  of  suspended  matter  which 
was  no  doubt  responsible  for  the  difference  observed.  It  further 
appears  from  the  tabulated  results  that  the  coefficient  of  expansion 

1  Throughout  this  paper  the  term  "density"  is  used  to  denote  the  mass  of  the  liquid  per  unit  volume, 
expressed  in  grams  per  milliliter.  The  densities  are,  therefore,  numerically  equal  to  specific  gravities 
referred  to  water  at  40  C  as  unity. 
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is  slightly  greater  for  the  heavier  than  for  the  lighter  oils,  the  mean 
of  the  first  half  of  the  series  being  0.000  684  2  per  degree  at  250 
and  of  the  last  half  0.000  685  2.  This  fact  should  not,  however, 
be  given  great  weight,  as  three  samples  in  the  first  half  fall  above 
and  four  samples  in  the  last  half  fall  below  the  mean  value. 

Following  the  summary  of  the  results  of  the  linseed  oil  investi- 
gation is  given  a  similar  summary  of  those  on  gum  turpentine, 
wood  turpentine,  and  "wood  spirits."  From  this  table  it  will  be 
seen  that  the  limits  of  the  density  and  coefficient  of  expansion  of 
turpentine,  while  not  so  narrow  as  for  linseed  oil,  still  are  not  wide. 
The  change  of  density  of  gum  turpentine  per  degree  at  25  °  C  lies 
between  0.000  810  and  0.000  820,  with  a  mean  value  of  0.000  8170. 
Here  again,  and  more  noticeably  than  in  the  case  of  Unseed  oil,  the 
rate  of  change  of  density  with  change  of  temperature  is  greater  for 
the  heavier  than  for  the  lighter  samples,  but  unlike  the  oil,  the  rate 
of  change  is  in  this  case  greater  at  the  higher  than  at  the  lower 
temperatures. 

This  investigation  has  shown  that  if  the  density  of  a  sample  of 
linseed  oil  or  turpentine  be  determined  at  250,  its  density  at  any 
other  temperature  between  io°  and  400  C  may  be  calculated 
within  the  limits  of  ordinary  experimental  error  by  use  of  the 
general  equation 

Dt  =  D25  +  or(t-25)+/3(t-25)2 

which,  on  the  substitution  of  the  mean  values  of  a  and  ft,  becomes 
for  linseed  oil 

Dt  =  D25- 0.000  684  7  (t  — 25)4-0.000  000  12  (t  — 25)2 
and  for  gum  turpentine 

Dt=D25  — 0.000  817  o  (t  — 25) —0.000  000  09  (t  — 25)2 
Or  the  density  may  be  measured  at  any  other  convenient  tem- 
perature and  for  short  temperature  intervals  the  correction  factor 
applied  as  a  single  term. 

In  the  tables  given  at  the  end  of  this  paper  the  values  for  tur- 
pentine have  been  extended  somewhat  beyond  the  range  of  the 
densities  actually  measured  in  this  investigation  in  order  to  more 
nearly  cover  the  range  found  by  Veitch  and  Donk  2  in  their  recent 
investigation  of  a  great  number  of  commercial  turpentines. 

2  Bureau  of  Chemistry,  Bull.  No.  135.  Apr.,  1911. 
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In  calculating  the  turpentine  tables  the  mean  value  of  the  rate 
of  change  of  density  with  change  of  temperature  has  not  been  used. 
The  greater  rate  of  change  of  the  heavier  turpentines  has  been 
taken  into  account  by  applying  to  the  mean  value  a  correction 
deduced  from  the  difference  between  the  mean  rate  of  change  of 
the  three  heaviest  and  the  three  lightest  samples. 

In  regard  to  the  accuracy  of  the  results  given  in  this  paper,  it  is 
believed  that  in  all  cases  except  that  of  linseed  oil  at  io°  C  the 
density  determinations  are  correct  to  within  three  units  of  the 
fifth  decimal  place,  and  in  this  case  to  five  units  of  the  fifth  place. 
This  corresponds  to  an  accuracy  of  about  1  part  in  30  000,  and  1 
part  in  18  000,  respectively.  The  decreased  accuracy  is  due  to 
the  increased  viscosity  of  the  oil  and  the  resulting  decreased 
sensibility  of  the  balance. 

COMPARISON  OF  RESULTS  WITH  PREVIOUS  WORK 

A  comparison  of  the  results  of  the  present  investigation  with 
other  published  results  may  be  of  interest.  The  scarcity  of  data 
available  and  the  doubt  as  to  the  actual  meaning  of  the  term 
"specific  gravity,"  as  ordinarily  employed,  render  such  a  com- 
parison in  many  cases  impossible.  The  values  given  by  Allen 3 
and  by  Andes  4  for  the  coefficient  of  expansion  of  linseed  oil  are, 
respectively,  0.000  649  and  0.000  63  per  degree  C.  Ennis  5  gives 
0.000  45  per  degree  F.  (0.000  81  per  degree  C).  The  low  value 
given  by  Allen  may  be  explained,  at  least  in  part,  by  his  assump- 
tion that  the  coefficient  of  expansion  is  the  same  at  all  tempera- 
tures. He  measured  the  density  at  two  widely  separated  tempera- 
tures, and  thus  obtained  the  mean  rate  of  change  of  density 
between  these  temperatures.  Since  the  present  work  has  shown 
that  the  rate  of  change  is  less  at  the  higher  than  at  the  lower  tem- 
peratures, Allen's  mean  coefficient  is  too  low  for  ordinary  labora- 
tory temperatures.     Hurst 6  gives  a  value  of  0.000  65,  and  Maire 7 

3  Commercial  organic  analysis,  vol.  i,  pt.  i. 

4  Boiled  oils,  drying  oils,  etc. 

5  Linseed  oil  and  other  seed  oils. 

6  Painters'  colors,  oils,  and  varnishes. 

7  Modern  pigments  and  their  vehicles. 
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o.ooo  63,  but  Maire's  application  of  the  coefficient  as  a  temperature 
correction  to  the  density  is  in  the  wrong  direction.  The  most 
complete  and  definite  results  found  are  those  given  by  Sabin.8 
He  gives  as  the  coefficient  of  expansion  of  linseed  oil  between  i5?5 
and  280  C,  0.000  692;  and  between  280  and  ioo°  C  0.000  720  per 
degree.  This  value  of  the  coefficient  between  15^5  and  28 °  C  is 
in  better  agreement  with  the  results  of  the  present  work  than 
any  other  found,  but  the  increased  coefficient  at  the  higher  tem- 
peratures, reported  by  Sabin,  is  not  confirmed  by  this  work. 

PHYSICAL  AND  CHEMICAL  CONSTANTS  OF  THE  LINSEED  OIL  SAMPLES 

EXAMINED 

The  results  given  below  are  the  mean  values  of  the  independ- 
ent determinations  by  seven  chemists  to  whom  the  samples 
were  submitted  by  subcommittee  E  of  the  American  Society  for 
Testing  Materials.  A  detailed  report  of  this  committee  is  pub- 
lished in  the  191 1  proceedings  of  that  society. 


Sample  No. 

Refractive 
index  at 

25°  C 

Iodine  No. 

(Hanus) 

Acid  No. 

Saponifica- 
tion No. 

Unsaponifi- 
able  matter 

Density  at 

25°  C 
grams/ml.9 

1 

1.4799 
1.4792 
1.4793 
1.4794 
1. 4785 
1.4782 
1.4790 
1. 4793 
1. 4793 
1.4795 
1. 4789 
1. 4792 
1.4790 
1. 4796 
1. 4796 
1.4779 

186.9 
183.0 

186.0 
184.1 
179.0 
177.9 
181.4 
183.0 
182.2 
184.2 
179.4 
183. 4 
180.7 
187.0 
184.9 
172.4 

1.39 
4.38 
2.79 
1.86 
4.54 
2.04 
2.12 
1.49 
1.83 
1.59 
0.97 
0.98 
0.94 
0.99 
1.70 
1.24 

190.7 
190.8 
190.2 
190.4 
190.9 
190.6 
191.3 
190.9 
191.2 
191.7 
190.9 
190.4 
191.2 
190.8 
191.3 
190.6 

0.96 
0.96 
0.98 
1.04 
0.97 
1.06 
1.08 
1.10 
1.15 
1.06 
1.10 
1.04 
1.12 
1.01 
1.03 
1.05 

0.927  56 

2 

0.925  68 

3 

0.925  86 

4 

0.927  06 

5 

0.924  80 

6 

0.926  38 

7 

0.926  88 

8... 

0.926  80 

9 

0.927  20 

10 

0.927  30 

11 

0.925  78 

12 

0.925  96 

13 

0.925  34 

14 

0.926  72 

15 

0.927  20 

16 

0.924  99 

Technology  of  paint  and  varnish. 


Determinations  by  author. 
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PHYSICAL  AND    CHEMICAL    CONSTANTS    OF    THE  GUM    TURPENTINE 

SAMPLES  EXAMINED 

Below  are  given  the  physical  and  chemical  constants  of  the 
six  samples  of  turpentine  on  which  Table  IV  is  based. 


Sam- 
ple 

Initial 
distilling 
tempera- 
ture, °C 

Per  cent  distilling 
below— 

Per 

cent 
poly- 
meriza- 
tion 
residue 

Per 

cent 
residue 
on  dry- 
ing at 

105°  C 

Refrac- 
tive 
index 
at  27°  C 

Optical 

rotation 

at  25°  C 

10 

Per  cent 
mineral  oil 

Density 

at  25°  C 

grams/ 

ml." 

No. 

160°  C 

165°  C 

170°  C 

2 

3 

7 

8 

12 

156 

157 
157 
156 
155 
154 

29 
28 
20 
49 
39 
41 

47 
51 
83 
87 
85 
89 

64 
72 
91 
94 
93 
94 

1.6 
1.6 
3.2 
0.8 
1.6 
2.4 

21.24 
10.12 
1.17 
1.87 
1.60 
1.03 

1. 4784 
1.4710 
1. 4671 
1. 4673 
1.4670 
1.4672 

+14.4 

-  7.2 

-  8.6 
+  15.9 
+  12.7 
+  4.3 

Less  than  5... 

do 

do 

do 

do 

do 

0. 862  40 
0.859  84 
0.857  19 
0. 857  66 
0. 860  32 
0. 861  66 

10  The  optical  rotation  is  calculated  by  use  of  the  equation 

_   ,.     ,      ,   ,.  angle  of  rotation 

Optical  rotation=.- 


11  Determinations  by  author. 


length  of  solution,  in  cms.  X  density  at  25°  C 


In  connection  with  this  table  it  should  be  stated  that,  owing 
to  the  limited  quantities  of  the  several  samples,  the  chemical 
constants  given  are,  in  each  case,  the  results  of  a  single  determina- 
tion only  and  do  not  therefore  represent  the  same  degree  of 
accuracy  as  do  the  corresponding  values  for  linseed  oil.  No 
attempt  will  be  made  to  explain  the  abnormally  high  residues 
on  drying  at  1050  C,  and  the  relatively  low  percentages  distill- 
ing below  1700  C,  of  samples  Nos.  1  and  2,  as  the  samples  were 
too  small  for  further  investigation. 

In  conclusion,  the  author  would  acknowledge  his  indebtedness 
to  the  chemical  division  of  this  Bureau  for  the  analysis  of  the 
turpentine  samples;  to  Messrs.  Nutting  and  Jackson,  also  of  this 
Bureau,  for  determining  the  refractive  index  and  optical  rotation, 
respectively;  and  to  the  American  Society  for  Testing  Materials 
for  the  samples  of  Unseed  oil  and  for  the  chemical  analysis  made 
by  members  of  that  society. 

Washington,  D.  C,  November  1,  191 1. 
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t 

(t-tm) 
Cl 

d« 

[Ci«-(Ci*)m] 

c2 

C22 

Dt 

[Dt-(Dt)B] 
N 

CiN 

C2N 

10 
20 
30 
40 

-15 

-  5 

5 

15 

225 
25 
25 

225 

500 

100 
-100 
-100 

100 

10  000 
10  000 
10  000 
10  000 

0. 936  689 
. 929  794 
. 922  964 
.916  109 

+0.  010  300 
+  . 003  405 

-  .  003  425 

-  .  010  280 

-0.  154  50 

-  .  017  02 

-  .017  12 

-  .  154  20 

+  1.0300 
-  .3405 
+  .3425 
-1.  0280 

25 

40  000 

.  926  389 

-  .342  84 

+  .0040 

5ooor=  -0.342  84 
a=—  .  000  685  7 
40  ooo/3=+  •  004 

/?=+  .  000  000  1 


■0.000  012 


Dx+i25/?=Dm 

Dx=I)25==o-926  389" 

D25=o.026  377 

Dt=D25+tf(t-25)+/?(t-25)2 

Dt=  0.926  377—0.000  685  7(t— 25)+o.ooo  000  i(t— 25)2 


t 

t— 25 

(t-25)2 

a(t-25) 

0(t-25)2 

Calculated 

Observed 
D» 

Obs.— cal. 

10 
20 
30 
40 

-15 

-  5 

5 

15 

225 
25 
25 

225 

+0.  010  286 

+  . 003  428 

-  .  003  428 

-  .  010  286 

+0.  000  022 
+  . 000  002 
+  .  000  002 
+  .  000  022 

0. 936  68 
. 929  81 
.  922  95 

.  .916  11 

0.  936  69 
.929  79 
.  922  96 
.916  11 

1 

-2 

1 

0 

SUMMARIES   OF  RESULTS 

Density  and  Thermal  Expansion  of  Linseed  Oil  at  Temperatures  Between 

10°  and  40°  C 


Sample  No. 

D$C 

D^oC 

D^C 

D^C 

D^C 

aX10' 

'  0X109 

5 

0.935  13 
.935  26 
.935  61 
.935  98 
.936  06 
.936  14 
.936  24 
.936  68 
. 937  04 
.937  10 
.937  16 
.937  38 
. 937  46 
.937  55 
. 937  61 
.937  89 

0.928  23 
.928  41 
.928  75 
.929  11 
.929  20 
.929  28 
.929  38 
.929  81 
.930  16 
.930  22 
.930  31 
.930  49 
. 930  62 
. 930  63 
.930  73 
.931  00 

0.921  39 
.921  58 
.921  93 
.922  26 
.922  35 
.922  44 
.922  55 
.922  95 
.923  29 
.923  38 
. 923  47 
.923  65 
.923  77 
.923  78 
.923  89 
.924  13 

0.914  60 
.914  75 
.915  14 
.915  43 
.915  52 
.915  61 
.915  73 
.916  11 
.916  42 
.916  57 
.916  64 
.916  86 
.916  91 
.916  99 
.917  07 
.917  27 

0.924  80 
. 924  99 
.925  34 
.925  68 
.925  78 
.925  86 
.925  96 
.926  38 
.926  72 
. 926  80 
.926  88 
.927  06 
.927  20 
.927  20 
.927  30 
.927  56 

-6844 
-6836 
-6823 
-6851 
-6848 
-6843 
-6838 
-6857 
-6875 
-6843 
-6840 
-6842 
-6850 
-6852 
-6844 
-6873 

+262 

16 

+  50 

13 

+  192 

2 

+  90 

11 

+  58 

3 

+  90 

12 

+  95 

6 

+  100 

14 

+  38 

8 

+  168 

7 

+  78 

4 

+  240 

9 

-  88 

15 

+320 

10 

+  155 

1 

+  78 

.926  34 

-6847 

+  120 
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Dt=D25+a-(t-25)-f/?(t-25)2 


Taking  for  a  and  ft  the  mean  values  of  the  16  samples  the  general  equation  becomes 
Dt=D25  — o.ooo  6847(t— 25)4-0.000  ooo  i2(t— 2$)2.  If  it  is  desired  to  reduce  the 
expansion  to  a  single  term  for  use  over  a  short  temperature  range,  this  may  be  done  by 
differentiating  the  general  equation  and  combining  a  and  ft  into  a  single  term,  a1, 
which  will  be  different  for  different  temperatures. 


(*) 


Dl=D25+«(t-25)+/5(t-25)2 
dDt_ 


at 


^=a+2ft(t-25)=a1 


Substituting  for  t  the  values  10,  15,  20,  25,  30,  35,  and  40,  gives  for  the  rate  of  change 
of  density  at  the  different  temperatures  the  following  values: 


Temper- 

Change per  °C 

ature  °C 

IO 

0.  000  688  3 

15 

.  000  687   1 

20 

.  000  685  9 

25 

.  000  684  7 

30 

.  000  683  5 

35 

.  000  682  3 

40 

.  000  681   1 

Density  and  Thermal  Expansion  of  Turpentine  at  Temperatures  Between 

10°  and  40°  C 


Sample 
No. 

10° 

20° 
D4-C 

^30° 

^40° 

25° 

aXlO? 

0X109 

Refrac- 
tive 
index  at 
27  °C 

Optical 
rota- 
tion at 

25  C° 

Remarks 

3 

7 

2 

8 

12 

1 

0.869  32 
.869  88 
.872  11 
.872  56 
. 873  93 
.874  68 

0.861  24 
.861  74 
.863  94 
. 864  40 
.865  76 
.866  49 

0.853  14 
. 853  57 
.855  74 
.856  23 
.857  56 
.858  31 

0.845  00 
.845  39 
.847  52 
.848  04 
.849  33 
.850  12 

0.857  19 
.857  66 
. 859  84 
.860  32 
.861  66 
.862  40 

-8104 
-8165 
-8195 
-8174 
-8198 
-8186 

-150 

-  95 
-105 

-  55 
-148 

-  8 

1.  4671 
1.  4673 
1.4710 
1.  4670 
1.  4672 
1.  4784 

1.  4636 
1.  4656 
1.4648 

1.  4594 
1.4613 

1.  4789 

-8.6 
+  15.9 
-  7.  2 
+  12.7 
+  4.3 
+  14.4 

+22.9 

+  17.7 
+26.3 

+  4.7 
+  4.7 

0.0 

Group    I,     gum 
turpentines. 

Mean. . 

-8170 

-  94 

.869  88 
.870  24 
.872  29 

.861  65 
.862  05 
. 864  06 

.853  41 
.853  84 
.855  71 

.845  16 
.845  59 
.847  24 

.857  53 
.857  95 
.859  90 

9 

10 

4 

-8242 
-8214 
-8350 

-  55 
-160 
-580 

]  Group  II,  wood 
\  t  u  r  pentine 
J    steam  distilled. 

-8269 

-265 

.873  80 
.876  06 

.955  18 

.864  56 
.866  93 

.947  28 

.855  47 
.857  75 

.939  30 

.846  26 
.848  52 

.931  23 

.860  06 
.862  35 

.943  30 

5 

6 

11 

-9181 
-9181 

-7986 

-130 
-258 

-428 

("Group  III,  wood 
1  "spirits"  de- 
1  structively  dis- 
{    tilled. 

"Oil"  of  turpen- 
tine. 

The  results  obtained  from  the  six  samples  of  gum  turpentine  shown  in  Group  I 
were  used  in  the  calculation  of  Table  IV  for  determining  the  density  of  turpentine 
at  various  temperatures. 

If  the  general  equation  Df=D25+a'(^— 2$)-\-ft(t— 2$)2  be  differentiated  and  the 
mean  values  of  a  and  ft  substituted  in  the  first  derivative  the  change  of  density  per 
degree  at  different  temperatures  is  seen  to  be  as  shown  below. 
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l>t=D25+a  (t-25)+p  (t-25y 
[D, 
dt 


-=a-\-2  /?  (t— 25)=change  of  density  per  degree=a1 


t  a1 
10                    .  000  814  2 

15  815  1 

20  816  1 

25  817  o 

30  817  9 

35  818  9 

40  819  8 

In  calculating  Table  IV  these  values  of  a1  were  taken  as  the  rate  of  change  of 

density  of  turpentine  having  a  density  of  0.8640  at  200  C  (this  being  the  mean  of 

the  six  samples  from  which  a1  was  derived).     For  turpentine  having  a  density  at 

200 
200  either  greater  or  less  than  0.8640  a1  was  calculated  from  mean  D  — —  and  mean 

4 

T~v  0 

a1  of  the  three  lightest  samples,  and  mean  — q—  and  mean  a1  of  the  three  heaviest 

4 
samples. 


TABLES    OF   DENSITY,  WEIGHT,  AND    VOLUME 

TABLE  I 

Density  of  Linseed  Oil  at  Temperatures  from  10°  to  40°  C  from  its 

Density  at  20°  C 


Density  at  20°  C  (in  grams  per  milliliter) 

0.  9260 

0.  9270 

0.  9280 

0.  9290 

0.  9300 

0.  9310 

0.  9320 

Required 

tempera- 

Density at  required  temperature 

ture 

°C 

10 

0.  9329 

0.  9339 

0.  9349 

0.  9359 

0.  9369 

0.  9379 

0.  9389 

11 

.9322 

.9332 

.9342 

.9352 

.9362 

.9372 

.9382 

12 

.9315 

.9325 

.9335 

.9345 

.9355 

.9365 

.9375 

13 

.9308 

.9318 

.9328 

.9338 

.9348 

.9358 

.9368 

14 

.9301 

.9311 

.9321 

.9331 

.9341 

.9351 

.9361 

15 

.9294 

.9304 

.9314 

.9324 

.9334 

.9344 

.9354 

16 

.9288 

.9298 

.9308 

.9318 

.9328 

.9338 

.9348 

17 

.9281 

.9291 

.9301 

.9311 

.9321 

.9331 

.9341 

18 

.9274 

.9284 

.9294 

.9304 

.9314 

.9324 

.9334 

19 

.9267 

.9277 

.9287 

.9297 

.9307 

.9317 

.9327 

20 

.9260 

.9270 

.9280 

.9290 

.9300 

.9310 

.9320 

21 

.9253 

.9263 

.9273 

.9283 

.9293 

.9303 

.9313 

22 

.9246 

.9256 

.9266 

.9276 

.9286 

.9296 

.9306 

23 

.9239 

.9249 

.9259 

.9269 

.9279 

.9289 

.9299 

24 

.9233 

.9243 

.9253 

.9263 

.9273 

.9283 

.9293 

25 

.9226 

.9236 

.9246 

.9256 

.9266 

.9276 

.9286 

26 

.9219 

.9229 

.9239 

.9249 

.9259 

.9269 

.9279 

27 

.9212 

.9222 

.9232 

.9242 

.9252 

.9262 

.9272 

28 

.9205 

.9215 

.9225 

.9235 

.9245 

.9255 

.9265 

29 

.9198 

.9208 

.9218 

.9228 

.9238 

.9248 

.9258 

30 

.9192 

.9202 

.9212 

.9222 

.9232 

.9242 

.9252 

31 

.9185 

.9195 

.9205 

.9215 

.9225 

.9235 

.9245 

32 

.9178 

.9188 

.9198 

.9208 

.9218 

.9228 

.9238 

33 

.9171 

.9181 

.9191 

.9201 

.9211 

.9221 

.9231 

34 

.9164 

.9174 

.9184 

.9194 

.9204 

.9214 

.9224 

35 

.9157 

.9167 

.9177 

.9187 

.9197 

.9207 

.9217 

36 

.9150 

.9160 

.9170 

.9180 

.9190 

.9200 

.9210 

37 

.9144 

.9154 

.9164 

.9174 

.9184 

.9194 

.9204 

38 

.9137 

.9147 

.9157 

.9167 

.9177 

.9187 

.9197 

39 

.9130 

.9140 

.9150 

.9160 

.9170 

.9180 

.9190 

40 

.9123 

.9133 

.9143 

.9153 

.9163 

.9173 

.9183 

Bearce] 


Linseed  Oil  and  Turpentine 


21 


T3 
co 


co 

C 


CO 
<D 

-     | 

W   o 

J  > 
PQ 

<     3 

H  .9 
> 


CO 

G 
O 


■a 


m 

ON 

o 

ON 

o 

CO 

a\ 

o 

o 

ON 

O 



o 

ON 

o 

ON 

O 

ON 

a 

O 

CM 

a 

O 

M 

o, 

CM 

s 

as 

lH 

bfl 

s 



o 

•— 

CM 

0 

o 

o 

>. 



o 

fl 

ON 

© 

— 

o 

on 

o 

© 

on 

© 



o 

a\ 

o 



o 

CM 

ON 

O 

s 

ON 

o 

— 

on 

on 

1  "■* 

o\oo  oo  t>  r>  ko  m  m  ■* 

on  oo  oo  r»  i>  vo  in  in  -<t  t^  in  co  .-h  on  r-»  id  co  .-h 

.inr0rHXio*NO  MnnHOiMnfiH  mo  <o  h  om>  m  n  h  f>mooHocio*NO 
i-HCMcocotinv©t>.  t^incoi-noovoitcMO  iMnnHBio*  no       HNroM^mioi 
T-tcMcocorj-mvor 


i-HCMCOCO-«tmvOI>. 


CArNiOij-fOHOffitN   OHNMeOtOiOH   vo  r-i  l>(»)  «  *  O  ID  rt   i0^tN«00*OgH   c» 

MnnHOM>mMOMMntNHOooi> .    .  WNin^NHOMt;  in 

00Mn*NHO00N    MnMHOlMnNO    00 

Mn  n  >h  oo  io  *  n  o  sin  n  h  a  Mn  n  o  MnnnaMnNO  c^mcoi-Hoovc-itcMO  r-- 
HNcon*in*t>  r>  m  «  >h  ano  *  ^3  o  MnnnooW'tNo       HN«co*in*i>  t> 
h  n  to  n  *  in*  t^       i-h  cm  co  co  it  >n  vo  r-. 

oovocoi-HONVoitcM©  r^mcMOr-itcMONr^  MnNOt>*NO\s  tsinNOt>*NOif-  ■* 

t>mnrt»io*NOMnnHoovo*Hai t>mnHoo©'*Hoi  s 

r~.mcOi-ioovO!ti-iON  i>  in  m  h  oo  *  ■*  (m  o\  r-» 

Mnc)'-ioou3*NO  Mnc)'HooiO'*NO\  r-inroi-HoovOTj-poa\  e-^mcoi-ioovoiteMON  t~- 
HN«nfm*t>  t»m  co  h  oo  c  ■>!•  n  o>  f^mcoi-ioovOTtcMON       in  n  «  co  •*  m  *  *  t» 
HNtocoij-inioio       HNtocof  m*« 

tN*Hoom(MoomN  a\oor>.vovoin-<tcocM  ONOOt-vovomTtcocM  o\oot^vovoinitcoeM  »-• 

MnCOOMlDOlHOl    lOCOONTt-HOOmN lOtOONif  HMU1N    Ol 

iCMON^HWinN  tsinmooovooHo  vo 

MnroHMio*Noi  Mnnooo*«HOi  tsinnoooiDMHOi  c^mco.-Hoovo-tcMON  t> 
i-<  m  co  co  ■*  m  *  c  t>mcOi-ioovoitcMON  MnriHoovo*oooi       i-HCMcoco^mvovo  t> 

HN(OtO*miOO  H  N  (O  (O  *  VHO  lO 

*Noo*ovO(MOiin  HHNn**m*iO  i-HnHCMCOit'^invovO  HH,-icMcoitTnnvovo  £-» 
MnNoajmMOoo  iomooii-oionoo* vocMooitovocMooito 

ONOOil-OlONOO^MniNOOOinCOOWlO 

t*-incOi-toovOTt-cMO\  MnNoooinnooo  tMONOoomnooo  c^mcoi-HoovoitcNjoN  r-» 
iHiMcoco^mvo*  t^mcoHoovoTtcMON  cs  in  co  ^h  oo  c  it- n  oi       HNcocofmio*  t> 
i-h  cm  co  co  •*  m  vo  vo       HNcoco*mvovo 

movOi-Hvo^Ht>cvit^  (Minc>ON*rNoi(M  cMinc~.ocviTtt-.CNCM  cvjmr^©cMTtr».ONCM  rt 

MnNOMntviOM/iomrtiDHvoHN momnvoHioHN  n 

inoi/iHioHiOHN  t^-incMoc^-incsiot-  in 

MOCOwOOlO'i-Csia    MniMOMONON   MflNOMnNON   c>  m  CO  H  00  VO  *  ro  o\    c-. 

rt  cm  co  co  *  m  vo  vo  c^mcoi-HoovoTteMON  MncoHoovo*NOi       ih  n  co  co  *  in  vo  vo  i> 
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MtNO\N*(MO\rN    li-OOCOt^NVOOmON ■*  00  CO  t-»  CM  VO  O  VO  ON    Tf 
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rn  n  co  co  it  m  vo  vo  t>mcoooovoitHoi  Monooovo*Hoi       HNcoco^invovo  t> 
i-i  cm  co  co  i*- m  vo  vo        i-i  cm  co  co  ■>*■  m  vo  vo 

covoooi-i-^-vocjicMin  c~incMa\vo-*-i-ioovo  r^mcMONvoTtrHoovo  r^mcMoivoiti-Hoovo  co 
t>  ■*  th  cji  vo  co  o  oo  in  cm  m  oo  o  co  vo  tri  i-i  ti- NincoocoioaiHii-  c> 

.      .    NlOCOOCOVOWHil-CNTfHOlvOCOOOOincn 

t>incoooovo'*HO\  CN*Ho\vocoooom  o-iti-HONvocooooin  MnnocovOTf  ho>  t^ 
i-i  eg  co  co  it  m  vo  vo  mocooco  vo'^t-  hoi  mowocoid*ho\       Hwcocoitmvovo  t> 

i-l  CM  CO  CO  i3-  VO  VO  VO    H  N  CO  CO  it  Ul  VO  VO 

N*vo»OHcomN  o\oot>vom'Ti-cocMi-(  a\oot~voin,«tcocMi-H  ovoot^vomrtcocqi-n  o 

c>it-Hoovocooc-.*Hcoint>o\HoomN HcoiflNOiHnmN  01 

HcoincN»H(omc>N*HccincooN*H 

Mncoocovo*HO\  t-'S-Hooincoor^T)-  ^*HcomrooN+  Mncoooovo*Ha  o. 
HNcocoK-mvovo  Mnnocovo*Hcn  isinnocovo*Hoi       i-icMcoco-^-invovo  t-» 
i-H  cm  co  co  it  m  vo  vo       rH  cm  co  m  •*  m  vo  vo 

HNco*invoc>ooo  rtHfMNco**inm  HHCviNWit*ioifl  i-Hi-HCMCMcOTftmm  vo 

MtHooincucfivo*  HMcO'*invoNooo\ i-HCMcotmvor>.oooNO 
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MnnooovocOHoi  r^rti-iooincMONvoco  n  *  h  oo  in  ro  a>  vo  co  mo  ro  o  oo  vo  co  h  01  r-» 
ih  n  co  co  t  m  vo  vo  tNincoooovocOHOi  c>.  in  co  o  co  vo  co  h  o\       h  n  co  co  *  m  vo  vo  t-- 
i-h  cm  co  co  t  m  vo  vo       h  cm  co  co  it  m  vo  vo 
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O  O  O  O  <-H  <-H  1-H  i-l  CM  t>.  rt  i-H  00  VO  CM  on  VO  CO     o 

t>incoooovocoi-icTi  t>  *  ih  oo  m  cvi  oi  vo  co  c^  •*  h  m  in  n  ov  vo  co  MnnooovocOHoi  t^ 

i-HCMcoco-^-mvovo  MnnocovorOHOi  CMonooovoiOHO\  Hcvicoco^mvovo  t> 
i-H  cm  co  co  Tt  m  vo  vo        i-t  cm  co  co -t  in  vo  vo 

dovoooot^vovoinit  *corvivoocotNHin  rtoocMvoocot~-i-iin  Tt-oocMvoocor^Hin  o\ 

vocoot>->ti-iooincMo^oocot>.t^voininTt oiooooi>r>vommit  co 

oiooeotsNvoininitvocooNitHOOintMoi 

cn  m  co  o  co  vo  co  h  oi  vocooN^HOoinN  vocoot-~-<tT-iooincM  t^incoooovocoi-iov  vo 

HNcocotiovovo  tsinnocovowHoi  omcoooovocoi-io-i  Hcqcoco^mvovo  t^- 
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CVNVO*COHOCOts    VO  H  ts  N  00  it  CJlin  O    vOHtvNCO*  OMOO  vOHNNCCi-CMnO    VO 

vocootN*HcoitHcoMntNHo>oot> oo  t-~  m  rt  cm  i-H  a\  oo  t~-  m 

ODMOTfCVlHOMONVOnOls^HMtHOO 

tsincoocovocoHo\  vocoor^ij-rHr~.itH  vocoot^->tHj>iti-i  t>mcoooovocoHc^  vo 

i-HCMCocotmvovo  i>incoooovocoHO\  t>mcoocovocoHO\  HNcoco^invovo  c^ 
th  cm  co  co  t  m  vo  vo       i-H  cm  co  co  ^t  m  vo  vo 

OOVOCOHONVOrt-CMO    C-lOCMOMOiti-IOOVO    t>incMCyivO-^-H00VO  MnNO>vO*HC0vO    CO 

vo  co  o  t>.  co  o  t>.  it  i-i  t>.  in  co  o  oo  vo  rt  i-h  o\ MncoocovoitHoi  c^ 

Monocovo^HOi  ionoM»)ON*o  r^ 

mo(OOcovocoho\  vocoot-~coor--Tto  vocooc--coor~Tto  MonocovonHoi  vo 

HNCoco^nn  vovo  t>incoooovocOi-io>  omcoooovocoHoi  h  cvi  to  co  t  m  vo  vo  t^ 

i-l  CM  CO  CO  •*  m  VO  VO    rH  CM  CO  co  ■*  in  VO  VO 

N*H0OitH0OinN    ON  CO  N  VO  *  CO  N  iH  O    (J\  »C^  VO  it  CON  H  O  OlMNvO'+CONHO    Ol 

vo  co  o  vo  co  o  vo  co  o  vo  co  o  t^  Tt  rH  oom  cm vo  co  o  t^  •*  h  oo  m  cm  oo 

VOCOONitHOOinN  VOCOOVOCOOVOCOO    vo 

MncOOCOVOCOHOl   VOCOOVOCOOVOCOO    VOCOOVOCOOVOCOO  oincoooovoco.-<c?>    VO 

h  en  co  co  *  in  vo  vo  t^incoooovocoi-icri  mocoocovocohoi  ih  n  co  co  *  m  vo  vo  i> 
i-i  cm  co  co  it  m  vo  vo       i-h  cm  co  co  -st  m  vo  vo 

vonootcovonco*  HH(Mcvico**mm  HHNNco^itmm  HHcvirgcoTi-itinm  vo 

VOCOCTiVOCOCJlvOCMCyiVOCMOOitOVOCMOOit VOMOOitOVONOO*    o 

VONCCtOvOMOO*  VO  CO  Ol  VO  CO  OMO  Cxi  ON    VO 

MONOCOmCOHCO    VO  CO  »  VO  CO  Ol  VO  N  CJl    VOCOO>vOCOCyivOCMCTi  tNinNOOOincOHCO    VO 

i-icMcoco^tinvovo  c-.mcMooomco>-ioo  MONOcomcoHco  h  cm  co  co  ■*  m  vo  vo  t^ 
i-h  cm  co  co  it  in  vo  vo       H  cm  co  co  ^t  m  vo  vo 
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